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LOW TEMPERATURE CASE HARDENING PROCESSES 
Technical Field of the Invention 
The present invention relates to processing techniques for articles of stainless steel 
and other alloys, such as, for example, tube coupling fenules. More particularly, the 
5 invention relates to processes for case hardening such articles substantially without the 
formation of carbides. 

Background of the Invention 

As is well known, stainless steel is commonly used for many parts and 
assemblies. One example is a ferrule used as part of a fluid coupling for joining tube 

10 ends. The degree to which the stainless steel must be used will vary from application to 
application. In some high purity systems, for example in the semiconductor and 
biotechnology fields, lower carbon stainless steel such as 31 6L for example, is commonly 
used. Many chemistries for stainless steel are used, and other chromium bearing nickel or 
ferrous based alloys are known and used other than stainless steel. 

15 One attribute of some stainless steel alloys is that thy are relatively less hard than 

other steel alloy materials. As a result in some applications, such as ferrules, the stainless 
steel article or part is provided with a hardened surface, referred to generally and herein 
as case hardening. The concept of case hardening is to transform a relatively thin layer of 
material at the surface of the part by enrichment o f carbon or other ingredients to ma ke 

20 the surface harder than the base metal alloy. This disclosure is directed to case hardening 
of an article by enrichment by carbon. The article thus retains in bulk the desired 
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fonnability of stainless steel without the softness of the standard chemistry base metal at 
the article surface. 

Stainless steel parts are case hardened by a process generally known as 
carburization* Carburization is a process by which carbon atoms are diffused in solution 
5 into the surface of the article. Known case hardening processes are performed at high 
temperatures. However, carburization processes performed at temperatures greater than 
about 1000 °F (for stainless steel alloys) can promote the formation of carbides in the 
hardened surface. 

It is desired, therefore, to provide new carburization processes for case hardening 
10 chromium bearing nickel or ferrous based alloy articles and that does not promote the 
formation of carbides. 

Summary of the Invention 

In accordance with one embodiment of the invention, a method for case hardening 
a chromium bearing nickel or ferrous based alloy article includes the steps of activating 
15 the surface of the article and carburizing the activated surface at a temperature below that 
temperature which would promote the formation of carbides. In one embodiment the 
activating step is carried out by disposing a layer of iron over the surface of the article. 

These and other aspects and advantages of the present invention will be apparent 
to those skilled in the art from the following description of the preferred embodiments in 
2 0 view of the accompanying drawings. 
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Brief Description of the Drawing 
The invention may take physical form in certain parts and arrangements of parts, 
preferred embodiments and a method of which will be described in detail in this 
specification and illustrated in the accompanying drawing which forms a part hereof, and 
5 wherein: 

The drawing is an elevation in longitudinal cross-section of a conventional ferrule 
as an example of a type of article that has been case hardened using the exemplary 
processes of the present invention. 

Detailed Description of the Preferred Embodiments 

10 With reference to the drawing, a conventional ferrule 10 structure is illustrated 

wherein the ferrule has also been case hardened as set forth hereinafter. This ferrule 10 is 
but one example of countless many articles and parts that can be used with the present 
invention. While the invention is described herein with reference to a 316 type stainless 
steel ferrule, such description is intended to be exemplary in nature and should not be 

15 construed in a limiting sense. The present invention finds application with any part or 
article made of a chromium bearing nickel or ferrous based alloy base metal that is to be 
case hardened. 

Furthermore, although the preferred embodiments are described herein with 
specific reference to articles made of stainless steel alloys, such descriptions are 
20 exemplary in nature and should not be construed in a limiting sense. The present 
invention is applicable to many types of chromium bearing ferrous or nickel based alloy 
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chemistries, including but not limited to alloy 316, alloy 316L and alloy 304 stainless 
steels, alloy 600, alloy C-276 and alloy 20 Cb, to name a few examples. 

The ferrule 10 is illustrated in the drawing in partial cross-section only. This 
particular ferrule is a rear ferrule that is used as part of a two ferrule system. Such 
5 ferrules and ferrule systems including the ferrule geometries are well known and are fully 
described in United States Patent Nos. 4,915,427 and 3,103,373, the entire disclosures of 
which are fully incorporated herein by reference. 

The ferrule 10 is characterized by a tapered nose portion 12, a central body 14 and 
a rear drive surface 16- In a tube coupling, the rear drive surface 16 engages a wall of a 

10 nut that axially drives the nose of the ferrule 10 into a rear camming mouth of a front 
ferrule (not shown). This action, among other things, causes the nose portion 12 of the 
ferrule 10 to be driven radially inward to grip a tube end. The geometry of the ferrule 10 
illustrated in Fig. 1 is exemplary in nature and will vary substantially depending on the 
particular ferrule system. The ferrule 10 could also be used in a single ferrule system in 

15 which case the nose portion 12 is driven into a camming mouth of a forward coupling 
element 

A common but not exclusive material for the ferrule 10 is 316 stainless steel. To 
enable driving the ferrule 10 into an enhanced grip of a tube end, it is desirable in some 
applications to case harden the ferrule 10. As used herein, case hardening means to 
20 provide a relatively thin carburized layer at the surface of the ferrule 10 to increase the 
surface hardness as compared to the base metal used for the ferrule 10. Carburization is a 
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preferred method for case hardening the ferrule 10, and in accordance with one aspect of 
the present invention, low temperature carburization processes are used which permit 
case hardening of the ferrule 10 without the formation of carbides, 

Carburization in general is a process by which carbon atoms are diffused into the 
5 base alloy in solution. In order to difiuse the carbon atoms into the stainless steel, the 
chromium oxide layer must be removed. This step is generally known as activation or 
de-passivation. The surface must be activated because the oxide layer presents a 
substantial barrier to carbon atoms. Once activated, the surface can be carbuiized by 
diffusion at an elevated temperature. 
1 0 The diffusion process can be accelerated by performing the carburization at a high 

temperature, for example, greater than 1000 °F. However, such high temperature 
diffusion can readily and quickly produce carbides which are carbon/chromium 
molecules. Carbides tend to reduce the chromium of the base alloy in some cases. 

In order to prevent or substantially eliminate the formation of carbides, the present 
15 invention contemplates carburization processes for case hardening that are performed at a 
temperature that is below a carbide promoting temperature. For many chromium bearing 
alloys such as 316 st ainless ste el for example, carbides tend to readily fonn at 
carburization temperatures greater than 1000 °F. Therefore, case hardening processes of 
the present invention are performed at a temperature less than about 1000 °F for stainless 
20 steel alloys. The time period during which carburization takes place also affects carbide 
formation. Even at temperatures below 1000 °F, carbides can form if the base metal is 
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exposed to the carbon source for a long enough period of time. In accordance with 
another aspect of the invention, carburization is performed below a carbide prompting 
temperature and for a time period less than that which permits carbides to form. Thus, 
the invention contemplates a time-temperature profile that substantially prevents the 
5 formation of carbides during a case hardening process. 

As an example of such a time-temperature profile, carbides readily form in 316 
stainless steel above 1000 °F, as fast as within an hour. However, below this 
temperature, for example in the 800-950 °F range, carbides will not form until about a 
week or more, particularly at the lower temperature range. This is but one example, and 
10 the particular time-temperature profile used in any specific carburization process for 
preventing carbide formation will depend on a number of factors including but not 
necessarily limited to the carburization temperature and the alloy chemistry of the base 
metal. 

The general steps of the case hardening process in accordance with the present 
15 invention are 1) activating the surface area of the article that is to be carburized; 2) 
diffusing carbon into the activated surface area; and 3) re-passivating the article. 

The passive oxide layer that forms over the stainless steel base metal of the article 
is a carbon blocking layer. This passive layer forms immediately with exposure of the 
article to air, and is formed as a chromium oxide layer. In order to carburize the article, 
2 0 however, the article surface needs to be activated. 
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In one embodiment of the invention, activation is performed by exposing the 
article to a hydrogen halide gas mixture of hydrogen chloride and nitrogen at atmospheric 
pressure. The gas mixture, for example, can be 17-100% volume hydrogen chloride or 
hydrogen fluoride, remainder nitrogen. The article is exposed to the activating gas for a 
5 time-temperature profile that stays below that which would promote the formation of 
carbides. In this example, the article is exposed to the gas mixture for about four hours at 
a temperature between about 600 °F and 800 °F. After the article has been activated, the 
diffusion process can begin. 

In one embodiment of the invention, the carbon atoms are diffused into the article 
10 10 by exposing the article 10 to a carbon monoxide (CO) gas mixture. Such a gas 
mixture can be, for example, 0.5-60% volume carbon monoxide, 10-50% volume 
hydrogen, remainder nitrogen, at one atmosphere. This is performed after activation and 
without exposing the article to air before the diffusion process is completed. The 
temperature for diffusion is kept below 1000 °F to prevent the formation of carbides. The 
15 carbon atoms diffuse into a solid solution with the base metal. In this example the article 
is exposed to the CO gas mixture at a temperature in a range of about 750 °F to 950 °F 
for up to two weeks. The exact time and temperature parameters will vary depending on 
the base metal, the amount of diffusion required 

Those skilled in the art will understand that the diffusion time period will 
20 determine the depth of the carbon hardened surface because diffusion rate is temperature 
dependent. Since time also is related to the temperature related formation of carbides, the 
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carburization diffusion process should be controlled to achieve the desired case depth 
using a time-temperature profile that prevents the formation of carbides for the particular 
alloy in use. For example, because carbide formation is a function of time and 
temperature, in cases where a deep case is desired it may be necessary to reduce the 
5 temperature during the diffusion process as time goes by to prevent carbide formation. 
The lower the temperature of diffusion the longer the diffusion process can last without 
carbides forming. The drawback is the added time it may take to reach a desired 
diffusion depth. But in many cases, by keeping the carburization temperature below that 
temperature at which carbides readily form, for example less than 1000 °F for 316 
10 stainless steel, the article can be case hardened to a sufficient depth without carbides 
forming. 

The drawing illustrates in a representative maimer the end result after 
carburization. After the carbon atoms are diffused into the base metal, a case hardened 
portion 30 of the article 10 has been formed that is harder than the base metal alloy, in 

15 this example 3 1 6 stainless steel, without the formation of carbides. The relative thickness 
of the hardened portion 30 is exaggerated in the drawing for clarity, and in practice may 
only be 0.001 to 0.003 inches, for example. This depth dimension is only one example. 
After the diffiision is completed and the article exposed to air, a chromium oxide layer 
again forms on the surface of the article. 

20 An alternative process for the activation step is as follows. In this method, a layer 

of iron is electroplated onto the entire surface of the article. Conventipnal electroplating 
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techniques can be used. The iron layer need not be thick, for example, about 0.0005 
inches or less. The iron layer serves several important functions. First, the plating 
process automatically activates the article. No separate activation step is required. 
Second, the iron is transparent to carbon atoms therefore the iron layer can remain on the 
5 article during the carburization process. Third, the iron layer allows the article to be 
exposed to air between the activation and diffusion steps because the iron maintains the 
article in an activated condition. 

After the iron layer is disposed on the article, the diffusion process can be 
performed- The diffusion process can be the same as described herein before. After the 
10 article is carburized, the iron plate is removed by any convenient method such as 
chemical etching. Once the iron is removed, the case hardened article re-passivates upon 
exposure to air. 

Still further embodiments of the invention will next be described. In one method, 
the article is placed in a conventional plasma oven. The article is placed on the cathode. 

15 Air, and especially nitrogen, is then purged from the furnace. Use of the plasma furnace 
allows for simultaneous activation and carburization of the article. The plasma furnace is 
used to establish a glow discharge, for example in the range of about 300 to 500 volts DC 
in a hydrogen bearing carburizing gas mixture of methane, hydrogen, and argon and an 
elevated time-temperature history that stays below that temperature that would promote 

20 the formation of carbides. In this example the process is carried out at about the range of 
700 °F to 950 °F for up to two weeks for example. The hydrogen gas activates the article 
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by carrying away the oxygen from the oxide layer, and the methane provides the carbon 
atoms for the carburization difiusion. The carburizing gas mixture can be, for example, 
1% volume methane or ethane or propane, and 60% volume hydrogen, remainder argon, 
at 600 Pa pressure. 

5 Another embodiment of the invention involves placing the article in a molten bath 

of alkali metals (such as, for example, sodium), along with a carbon source such as 
calcium carbide, within an inert atmosphere of, for example, nitrogen (one atmosphere 
pressure, for example). The calcium carbide can be, for example, 9-15% weight fo the 
liquid solution. The liquid sodium activates the entire surface area of the article and the 

10 carbon can then diffuse into the base metal. Again, in order to prevent the formation of 
carbides in the article, the process is carried out at a time-temperature profile below that 
which promotes carbide formation, and for stainless steel alloys for example, below about 
1000 °F. Again, this diffusion process can take several days or weeks depending on the 
carburization characteristics required. 

15 In still a further alternative method, in lieu of the liquid sodium bath the article is 

placed in a molten bath of cyanide salts such as sodium cyanide for example, and metal 
halide salts such as a potassium chloride and lithium chloride eutectic for example. The 
molten bath includes a carbon source such as calcium carbide, and the diffusion process 
is carried out under an inert non-nitrogen atmosphere such as argon and at a time- 

20 temperature profile below that temperature which would promote carbide formation (less 
than 1000 °F for stainless steel alloys for example). In one example, the molten bath 
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includes 3-10% weight sodium cyanide, 45-52 % weight potassium chloride, 35-41 % 
weight lithium chloride and 3-10% calcium carbide. The carburization could take place 
for example over the period of up to two weeks at 750 °F, for example. Again, the actual 
time-temperature profile will depend on the various factors identified herein above 
5 including the depth of the diffusion required, the base alloy metal chemistry, the carbon 
source and so forth. 

The various processes described herein involving exposing the article to gas can 
be accomplished with conventional and commonly available equipment such as a pit 
furnace, as is well known to those skilled in the art. 
10 The invention has been described with reference to the preferred embodiment. 

Obviously, modifications and alterations will occur to others upon a reading and 
understanding of this specification. It is intended to include all such modifications and 
< alterations insofar as they come within the scope of the appended claims or the 
equivalents thereof. 
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CLAHMS 

Having thus described the invention, it is claimed: 

1. A method for case hardening a chromium bearing alloy article, the method 
comprising: 

5 activating the surface of the article by applying a layer of iron over the surface of 

the article; and 

carburizing the activated surface at a temperature below a temperature which 
would produce carbides. 

2. The method of claim 1 wherein said activating step comprises 
1 0 electroplati ng a metal on the surface of the article. 

3. The method of claim 1 wherein said carburizing step comprises exposing 
said activated surface to a carbon bearing gas. 

4. The method of claim 3 wherein said gas comprises carbon monoxide. 

5. The method of claim 3 wherein said gas is selected from the following 
15 group: carbon monoxide and calcium carbide. 

6. The method of claim 1 wherein said carburizing step is performed at a 
temperature not greater than about 1000 °F. 

7. A method for case hardening a chromium alloy article, the method 
comprising: 

2 0 activating the surface of the article; and 
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carburizing the activated surface at a temperature below that temperature which 
would promote the formation of carbides. 

8- The method of claim 7 wherein said activating step comprises disposing a 
layer of iron over the surface of the article. 
5 9. The method of claim 7 wherein said activating step comprises exposing 

the surface of the article to hydrogen chloride gas. 

10. The method of claim 9 wherein the article is exposed to said hydrogen 
chloride gas in an inert atmosphere. 

11. The method of claim 7 wherein said activating step comprises placing the 
10 article in a plasma furnace and exposing the article to a glow discharge in a hydrogen 

bearing atmosphere. 

12. The method of claim 1 1 wherein said carburizing step is performed in said 
plasma furnace during said discharge within an atmosphere containing a carbon source 
gas. 

15 13. The method of claim 12 wherein said carbon source gas comprises 

methane or ethane or propane. 

14. The* method of claim 7 wherein said activating step comprises disposing 
the article in a molten alkali metal bath. 

15. The method of claim 14 wherein said carburizing step is performed with 
20 the article in said molten alkali bath with said bath including a carbon source. 
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16. The method of claim 15 wherein said carbon source comprises calcium 

carbide. 

17. The method of claim 7 wherein said activating step comprises disposing 
the article in a molten bath of cyanide salts and metal halide salts. 

5 18. The method of claim 17 wherein said carburizing step is performed with 

the article in said molten bath with said bath including a carbon source. 

19. The method of claim 18 wherein said carbon source comprises calcium 
carbide. 

20. The method of claim 7 wherein said carburizing step is performed at a 
10 temperature not greater than about 1000 °F. 

21. The method of claim 7 wherein the alloy comprises a chromium bearing 
nickel or ferrous based alloy. 

22. The method of claim 1 wherein said activating step comprises 

electroplating ironpn the article surface. 
15 23- The method of claim 1 wherein the alloy comprises a chromium bearing 

nickel or ferrous based alloy. 
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